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)LJ*ODVVEHDGVDQGDQWLVNLGDJJUHJDWHVHPEHGGHGLQDEDVHURDGPDUNLQJPDWHULDO
$W WKHVXUIDFHRIWKHEDVHURDGPDUNLQJPDWHULDOHPEHGGHGJODVVEHDGVDUHDUUDQJHG%HFDXVHRIWKH
UHWURUHIOHFWLRQRIWKHOLJKWRIYHKLFOHKHDGODPSVDWWKHVHJODVVEHDGVWKHURDGPDUNLQJLVYLVLEOHDWQLJKW
5DLQFDQIRUPDZDWHUILOPDWWKHURDGPDUNLQJDQGWKLVLQGXFHVWKDWDWGDUNQHVVWKHOLJKWRIWKHYHKLFOH
KHDGODPSVFDQQRWEHUHIOHFWHG7KLVFDQRFFXULQWKHFDVHRIURDGPDUNLQJVZLWKDIODWVXUIDFHZKLFKDUH
HTXLSSHG ZLWK VPDOO JODVV EHDGV VRFDOOHG W\SH , URDG PDUNLQJV 5RDG PDUNLQJV ZLWK DQ LQFUHDVHG
QLJKWWLPHYLVLELOLW\GXULQJZHWQHVVVRFDOOHGW\SH,,URDGPDUNLQJVDUHFRQVWUXFWHGLQDZD\WKDWSDUWVRI
WKHURDGPDUNLQJVMXWRXWRIWKHVXUIDFH7KDWFDQEHDFKLHYHGZLWKELJJODVVEHDGVRUDVSHFLDOVWUXFWXUH
RIWKHURDGPDUNLQJVVXFKDVDJJORPHUDWHVURXJKVXUIDFHVRUSURILOHV,QWKLVFDVHQRW WKHZKROHURDG
PDUNLQJ LV FRYHUHG ZLWK D ZDWHU ILOP GXULQJ UDLQ DQG WKH SDUWV MXWWLQJ RXW FDQ UHIOHFW WKH OLJKW RI WKH
YHKLFOHKHDGODPSVDQGKHQFHWKHURDGPDUNLQJLVYLVLEOHDWGDUNQHVV
,Q*HUPDQ\WKHUHLVDZLGHVSUHDGUDQJHRIDSSOLFDWLRQIRUW\SH,,URDGPDUNLQJV$FRQVLGHUDEOHSDUW
RIWKHPDUHFDUULHGRXWDVVRFDOOHGDJJORPHUDWHVDVWUXFWXUHZLWKUHJXODURULUUHJXODUSDWWHUQVVHH)LJ
'XHWRWKHDJJORPHUDWHVWUXFWXUHWKHVHURDGPDUNLQJVFDQVKRZDQLQFUHDVHGQRLVHHPLVVLRQZKHQ
WKH\ DUH RYHUUXQ E\ YHKLFOH ZKHHOV DQG WKLV FDQ OHDG WR DQ DQQR\DQFH GXH WR QRLVH IRU UHVLGHQWV
&RPSODLQWVRIUHVLGHQWVDERXWQRLVHHPLVVLRQRIDJJORPHUDWHURDGPDUNLQJVEURXJKWWKHDXWKRUVWRLQLWLDWH
WKLVVWXG\
'HWHUPLQDWLRQRIWKHQRLVHHPLVVLRQRIURDGPDUNLQJV
7KHQRLVHHPLVVLRQRIURDGPDUNLQJVKDVEHHQDOUHDG\DQLVVXHRISUHYLRXVVWXGLHV7LHIHQWKDOHUHWDO
VWXGLHGVWUXFWXUHGDQGSURILOHGURDGPDUNLQJVZLWKUHJDUGWRWKHLUVXLWDELOLW\DVDFRXVWLFZDUQLQJ
OLQH DVZHOO DV WKHLU QRLVH HPLVVLRQ GXULQJ WKH RYHUUXQ E\ SDVVHQJHU FDUV DQG WUXFNV7KHVH WHVWVZHUH
SHUIRUPHGZLWKVHYHQVWUXFWXUHGURDGPDUNLQJVDQGDIODWW\SH,URDGPDUNLQJVDVUHIHUHQFH7HVWGULYHV
RQWKHURDGPDUNLQJVZHUHSHUIRUPHGRQDKLJKZD\ZLWKYHORFLWLHVRINPKNPKDQGNPK
IRUFDUVDQGNPKDQGNPKIRUWUXFNV
%HVLGHWKHSDVVE\PHDVXUHPHQWVWKHQRLVHHPLVVLRQRIURDGPDUNLQJVFDQEHDQDO\]HGZLWKWKH&ORVH
3UR[LPLW\ &3;  VXUYH\ PHWKRG GHWHUPLQLQJ WKH QHDUILHOG UROOLQJ QRLVH ZLWK D WUDLOHU $OEHU DQG
'|KPHQ  GHWHUPLQHG WKH $ZHLJKWHG VRXQG OHYHO RI GLIIHUHQW URDG PDUNLQJV RQ GLVWLQFW URDG
VXUIDFHVZLWKWKH&3;PHWKRGXVLQJDWHVWYHORFLW\RINPKDQGDWHVWWLUHWKDWLVEDVHGRQDWUXFNWLUH
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&RQFHSWRIWKHVWXG\
3UHYLRXV VWXGLHV DQG UHFHQW SUREOHPV VKRZ WKDW WKHUH LV D QHHG IRU IXUWKHU DQDO\VHV RI WKH QRLVH
HPLVVLRQRIURDGPDUNLQJV)RUWKHSUHVHQWVWXG\LWZDVLPSRUWDQWWRFRPSDUHURDGPDUNLQJVWKDWDUHXVHG
LQ*HUPDQ\,QDGGLWLRQDEURDGUDQJHRIYHORFLWLHVRIWKHWHVWFDUKDVEHHQFKRVHQLQRUGHUWRUHSUHVHQW
WKHVLWXDWLRQRQKLJKZD\VDVZHOODVDW]RQHVZLWKUHGXFHGVSHHGVVXFKDVZRUNLQJV]RQHVRQKLJKZD\VRU
ORZHU VSHHGV LQ WKH WRZQ )XUWKHUPRUH WKH WHVWHG URDG PDUNLQJV KDG WR EH FRPSDUDEOH LQ WHUPV RI
ZHDWKHULQJDQGZHDU$OOURDGPDUNLQJVZHUHDSSOLHGRQWKHWHVWILHOGDWWKHVDPHGD\DQGZHUHWHVWHG
GD\VDIWHUDSSOLFDWLRQ6LQFHDJJORPHUDWH URDGPDUNLQJVDUHXVHG LQ*HUPDQ\DOVRDVGLYLVLRQ OLQHV IRU
PXOWLODQHURDGV ODQHFKDQJHVDQGKHQFHWKHRYHUUXQRIWKHVHPDUNLQJVWDNHSODFHPRVWO\E\SDVVHQJHU
FDUV)RUWKLVUHDVRQDOVRWKHWHVWVZHUHFDUULHGRXWZLWKDSDVVHQJHUFDU
&KRLFHDQGGHVFULSWLRQRIURDGPDUNLQJVIRUWKHWHVWV
)RU WKH PHDVXUHPHQWV VL[ GLIIHUHQW URDG PDUNLQJV WKDW DUH FKDUDFWHULVWLFDO IRU WKH DSSOLFDWLRQ LQ
*HUPDQ\ ZHUH FKRVHQ 7KLV VWXG\ HPSKDVL]HV URDG PDUNLQJV ZLWK DQ DJJORPHUDWH VWUXFWXUH VKRZLQJ
LUUHJXODU DQG UHJXODU SDWWHUQV ,Q DGGLWLRQ D W\SH ,, SURILOHG WDSH DQG D IODW XQVWUXFWXUHG W\SH ,, URDG
PDUNLQJZHUHLQFOXGHGLQWRWKHWHVWDVDUHIHUHQFH,QGHWDLOWKHWHVWHGURDGPDUNLQJVDUHWKHIROORZLQJ

x 3URILOHGWDSHW\SH,,VHH)LJ
x 8QVWUXFWXUHGURDGPDUNLQJW\SH,,VHH)LJ
x 5HJXODUGURSVKDSHGDJJORPHUDWHVHH)LJ
x 6WRFKDVWLFDODJJORPHUDWHZLWKWUDQVYHUVHVWUXFWXUHVHH)LJ
x 6WRFKDVWLFDODJJORPHUDWHZLWKOHQJWKZLVHVWUXFWXUHVHH)LJ
x 5HJXODUSRLQWVKDSHGDJJORPHUDWHVHH)LJ










)LJ5RDGPDUNLQJVDQDO\]HGZLWKUHJDUGWRWKHLUQRLVHHPLVVLRQ7RSOLQHIURPOHIWWRULJKWSURILOHGWDSHXQVWUXFWXUHG
W\SH,,URDGPDUNLQJUHJXODUDJJORPHUDWHGURSVKDSHG%RWWRPOLQHIURPOHIWWRULJKWVWRFKDVWLFDODJJORPHUDWHWUDQVYHUVH
VWRFKDVWLFDODJJORPHUDWHOHQJWKZLVHUHJXODUDJJORPHUDWHSRLQWVKDSHG
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([FHSWWKHSUHIDEULFDWHGWDSHDOOURDGPDUNLQJVFRQVLVWRIDWZRFRPSRQHQWFROGSODVWLFPDWHULDO7KH
IRXUDJJORPHUDWH URDGPDUNLQJVZHUHPDGHRI WKHVDPHEDVHPDWHULDO IRU WKHXQVWUXFWXUHG W\SH,, URDG
PDUNLQJDVLPLODUEDVHPDWHULDOZDVFKRVHQ
1RLVHPHDVXUHPHQWV
1RLVH VXUIDFHV DUH QRUPDOO\ WHVWHG DFFRUGLQJ WR WKH ,62 VWDQGDUG   $ VWDWLVWLFDOO\
VXIILFLHQW QXPEHU RI YHKLFOHV IURPRQH FODVV HJ SDVVHQJHU FDUV DUH FURVVLQJ D URDG VHFWLRQZLWK WKH
VXUIDFHXQGHUREVHUYDQFH$PLFURSKRQHLVSODFHGLQDSRVLWLRQPDZD\IURPWKHFHQWHUOLQHRIWKH
YHKLFOHVFURVVLQJDQGPDERYHWKHSODQHRIWKHURDGVXUIDFH)URPWKLVPLFURSKRQHWKH$ZHLJKWHG
PD[LPXPVRXQGSUHVVXUHOHYHOZLWKWLPHZHLJKWLQJ)$67/$)PD[ LVPHDVXUHGIRUHDFKYHKLFOH7KH
VSHHG Y LVPHDVXUHG DOVR IRU HDFK YHKLFOH ZLWK DQ DSSOLFDEOH GHYLFH )RU HDFK YDOLGPHDVXUHPHQW WKH
VRXQGOHYHO/$)PD[LVSORWWHGYHUVXVWKHORJDULWKPRIWKHVSHHGOJY$OLQHDUUHJUHVVLRQRIWKHIRUP

/DYHY DEÂOJY 

LVFDUULHGRXWWRREWDLQWKHLQWHUFHSWDDQGWKHVORSHE)RUDOOVSHHGVLQWKHUDQJHRIWKHPHDVXUHGVSHHGV
RIWKHYHKLFOHVDQHVWLPDWHGDYHUDJHGVRXQGOHYHO/DYHYFDQEHGHULYHGGLUHFWO\IURPHTXDWLRQ:LWK
WKLVGLIIHUHQWVXUIDFHW\SHVFDQEHFRPSDUHGGLUHFWO\ZLWKRWKHUV

7KHGHVFULEHGPHWKRGKDVDORWRIERXQGDU\FRQGLWLRQVZKLFKPXVWEHIXOILOOHG

x 7KHPHDVXUHGVHFWLRQPXVWEHORQJHQRXJKDWOHDVWPIRUHDFKVLGHRIWKHPLFURSKRQH)RUKLJK
VSHHGVDWOHDVWP
x 7KHURDGXQGHUREVHUYDQFHPXVWEHIODWDQGVWUDLJKW6OLJKWEHQGVDQGVORSHVOHVVWKDQDUH
DFFHSWDEOH
x 7KHURDGVHFWLRQXQGHUREVHUYDQFHPXVWEHLQDJRRGFRQGLWLRQ,WPXVWEHGU\
x 7KHEDFNJURXQGQRLVHVKRXOGEHDWOHDVWG%EHORZWKHPD[LPXPVRXQGOHYHORIWKHYHKLFOHV
SDVVLQJE\
x 7KHVXUIDFHEHWZHHQURDGVHFWLRQXQGHUREVHUYDQFHDQGWKHPLFURSKRQHSRVLWLRQPXVWEHUHIOHFWLQJ$W
OHDVWKDOYHRIWKHDUHDEHWZHHQWKHPLGGOHRIWKHURDGODQHDQGWKHPLFURSKRQHSRVLWLRQVKRXOGEH
UHIOHFWLQJ
x ,QDQDUHDRIPDURXQGWKHPLFURSKRQHWKHUHDUHQRUHIOHFWLQJREMHFWVOLNHZDOOVULGJHVHWF
DOORZHG
x 7KHZLQGVSHHGGXULQJPHDVXUHPHQWVVKRXOGQRWH[FHHGPV7KHDLUWHPSHUDWXUHPXVWEHLQWKH
UDQJHRI&WR&7KHWHPSHUDWXUHRIWKHURDGVXUIDFHPXVWEHLQWKHUDQJHRI&WR&

6LQFH LQ RXU FDVH RQO\ WKH GLIIHUHQFHV RI GLYHUVH URDG PDUNLQJ V\VWHPV RQ WKH VDPH URDG ZHUH RI
LQWHUHVWQRVWDWLVWLFDOSDVVE\PHDVXUHPHQWVZHUHFDUULHGRXW ,QVWHDGFRQWUROOHGSDVVE\PHDVXUHPHQWV
ZLWKRQHSDVVHQJHUFDUZLWKRQHVHWRIWLUHVZHUHFDUULHGRXWRQDFORVHGURDGQHDU,QGHQDVPDOOIRUPHU
YLOODJHDWWKHGD\OLJKWPLQLQJILHOGRIEURZQFRDOQHDU&RORJQH7KHPDLQUHDVRQIRUWKLVGHFLVLRQZDVWR
PHDVXUHWKHZRUVWFDVHXQGHUFRQWUROOHGFRQGLWLRQV,QUHDOLW\WLUHVDUHVHOGRPFURVVLQJPDUNLQJVDQGWKH
QRLVHHPLWWHGWKHQLVQRUPDOO\RIVKRUWGXUDWLRQ
'XH WR WKH OLPLWHG VSDFH DW WKH WHVW JURXQG WKH URDGPDUNLQJ VWULSHVZHUHRQO\P ORQJ DQGZHUH
VHSDUDWHGLQHDFKFDVHE\DPORQJJDSRIQRUPDOURDGVXUIDFH7KHHYDOXDWLRQRIWKHGDWDVKRZVWKDW
WKLVFRQILJXUDWLRQKDGQRLQIOXHQFHRQWKHUHVXOWV

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)LJ/HIW0HDVXUHPHQWVHWXSZLWKSDVVHQJHUFDUDQGDWHVWHGURDGPDUNLQJ0LGGOH0LFURSKRQHVDQGVSHHGLQGLFDWRU5LJKW
0HDVXUHPHQWRIPHWHRURORJLFDOGDWDDQGURDGVXUIDFHWHPSHUDWXUH
7KH VL[ GLIIHUHQW URDGPDUNLQJV ZHUH WHVWHGZLWK WKH FRQWUROOHG SDVVE\PHWKRG UHJDUGLQJ WR QRLVH
HPLVVLRQ7KHURDGPDUNLQJVZHUHDSSOLHGDVVWULSHVHDFKZLWKDZLGWKRIPDQGDOHQJWKRIPDV
QRWHGDERYH7KHZLGWKRIPZKLFKLVD*HUPDQVWDQGDUGIRUURDGPDUNLQJVXVHGDVULJKWERUGHUOLQH
RQKLJKZD\VZDVFKRVHQ WRDVVXUHDJRRGDFFXUDF\GXULQJ WKHRYHUUXQE\ WKH WHVW FDU)RUFRPSDULVRQ
UHDVRQVWKHQRUPDOURDGVXUIDFHDILQHDVSKDOWPDVWLFRUDVSKDOWFRQFUHWHVXUIDFHLQJRRGFRQGLWLRQZDV
DOVRPHDVXUHG7KHPHDVXUHPHQWHTXLSPHQWIRUPHDVXULQJZLWKWKHVWDWLVWLFDOSDVVE\PHWKRGZDVXVHG
7KHFRQWUROOHGSDVVE\PHDVXUHPHQWVZHUHWDNHQZLWK WZRPLFURSKRQHVDWDKHLJKWRIPDQGP
UHVSHFWLYHO\ 7KH KRUL]RQWDO GLVWDQFH IURP WKH PLGGOH RI WKH ODQH WR WKH PLFURSKRQHV ZDV P $Q
RYHUYLHZRIWKHWHVWVHFWLRQLVVKRZQLQ)LJ
$OOPHDVXUHPHQWVZHUHFRQGXFWHGDWWKRI1RYHPEHUXQGHU VXLWDEOHZHDWKHUFRQGLWLRQV7KH
UXQVZHUHSHUIRUPHGRQWKHWHVWILHOGLQERWKGLUHFWLRQV$VWHVWFDUD9:3DVVDWLQPLQWFRQGLWLRQZLWK
WLUHVRIWKHEUDQG)XOGD6XSUHPRDQGWKHVL]H5KDVEHHQXVHG7KHVSHHGVRIWKHWHVWFDUZHUH
JURXSHGLQWRILYHFOXVWHUVRIDQGNPKUHVSHFWLYHO\DQGIRXUUXQVLQHDFKFOXVWHUZHUH
FDUULHGRXW7KLVZDVSHUIRUPHGIRUHDFKRIWKHVHYHQDQDO\]HGVXUIDFHV'XULQJWKHPHDVXUHPHQWVLWZDV
DVVXUHGWKDWWKHWLUHQH[WWRWKHPLFURSKRQHUROOHGFRPSOHWHO\RQWKHPZLGHURDGPDUNLQJVWULSH

7KHIROORZLQJGDWDRIWKHPHDVXUHPHQWVZHUHVWRUHGRQDODSWRS

x 6SHHGDQGWUDYHOGLUHFWLRQRIWKHWHVWYHKLFOH
x 0D[LPXP$ZHLJKWHGVRXQGOHYHOVIURPERWKPLFURSKRQHV
x /DSVHRIVRXQGOHYHOVRIERWKPLFURSKRQHV
x 6SHFWUDDWWKHWLPHRIPD[LPXPVRXQGOHYHOQHDUHVWSRVLWLRQRIWKHYHKLFOHIRUERWKPLFURSKRQHV
x 6RXQGILOHVRIWKHSDVVLQJE\IRUERWKPLFURSKRQHV
x 0HWHRURORJLFDOGDWDOLNHZLQGVSHHGDQGGLUHFWLRQWHPSHUDWXUHRIDLUDQGURDGVXUIDFHIRUHDFKSDVVLQJ
E\



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)LJ/HIW([DPSOHRIDUHJUHVVLRQ5LJKW'LIIHUHQFHVFRPSDUHGWRWKHQRUPDOURDGVXUIDFH
5HVXOWVRIWKHQRLVHPHDVXUHPHQW
%DVHGRQ WKHGDWDRI WKHPD[LPXPVRXQG OHYHORI WKH WHVWYHKLFOHSDVVLQJE\DQG WKHFRUUHVSRQGLQJ
ORJDULWKPRIWKHYHKLFOHVSHHGDOLQHDUUHJUHVVLRQZDVFDUULHGRXW7KHUHVXOWLQJVSHHGGHSHQGLQJQRLVH
OHYHOV ZHUH UHFDOFXODWHG RQ WKH QRUPDOPHDVXUHPHQW GLVWDQFH P DQG KHLJKW P$OO RI WKHVH
UHVXOWV ZHUH DFKLHYHG E\ UXQQLQJ 3\WKRQ VFULSWV ,Q )LJXUH OHIW WKHUH LV DQ H[DPSOH RI D OLQHDU
UHJUHVVLRQOLQH7KHGDWDSRLQWVDUHVKRZQDVEOXHFLUFOHV7KHUHJUHVVLRQOLQHLVSORWWHGLQEOXHDQGWKH
EODFNOLQHVDUHWKHOLQHVIRUDFRQILGHQFHLQWHUYDORI7KHGDWDZHUHPHDVXUHGDWDPLFURSKRQHKHLJKW
RIP6LQFHWKHUHLVQRVLJQLILFDQWFKDQJHLQYHUWLFDOGLUHFWLYLW\WKHUHVXOWVIRUDPLFURSKRQHKHLJKWRI
PDUHLQUHODWLRQGLIIHUHQFHVWKHVDPH7KH\ZLOOEHGLVFXVVHGWKHUHIRUHQRWIXUWKHU
7KHGLIIHUHQFHVRIWKHQRLVH OHYHOVRIWKHURDGPDUNLQJVFRPSDUHGWRWKHRULJLQDOURDGVXUIDFHXVLQJ
WKHDYHUDJHGVRXQGOHYHOV/DYHYDUHJLYHQLQ)LJXUHULJKW

'XHWRWKHPHDVXUHPHQWVDWOHDVWWKUHHFDWHJRULHVRIURDGPDUNLQJVFDQEHGLVWLQJXLVKHG

x 5RDGPDUNLQJVDQGZLWKQRLVHOHYHOVDERXWG%$EHORZWKDWRIWKHRULJLQDOURDGVXUIDFH
x 5RDGPDUNLQJZLWKQRLVHOHYHOWRG%$DERYHWKDWRIWKHRULJLQDOURDGVXUIDFHZLWKORZVORSH
x 5RDGPDUNLQJVDQGZLWKQRLVHOHYHOVWRRUG%$DERYHWKDWRIWKHRULJLQDOURDGVXUIDFH
ZLWKELJVORSH

,QDGGLWLRQDOOGLIIHUHQFHVWRWKHQRUPDOURDGVXUIDFHDQGKDOIRIWKHFRQILGHQFHLQWHUYDOVDUHOLVWHGLQ
7DEOH)RUDOO URDGPDUNLQJVDQG WKHQRUPDO URDGVXUIDFHDOVR WKH IUHTXHQF\VSHFWUDZHUHFDOFXODWHG
7KH\DUHQRUPDOL]HGLQDZD\WKDWDOOWKLUGRFWDYHEDQGVDUHVXPPHGXSWRG%$VHH)LJDQG






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7DEOH'LIIHUHQFHRIVRXQGOHYHOFRPSDUHGWRDQRUPDOURDGVXUIDFHDQGKDOIRIWKHFRQILGHQFHLQWHUYDOLQEUDFNHWV
LQG%$

9>NPK@ 0DUNLQJ 0DUNLQJ 0DUNLQJ
   
   
   
   
   
   
   
   
   
   
   
9>NPK@ 0DUNLQJ 0DUNLQJ 0DUNLQJ
   
   
   
   
   
   
   
   
   
   
   

9DOXDWLRQDQGGLVFXVVLRQRIWKHUHVXOWV
7KHPHDVXUHPHQWV VKRZ WKDW WKH URDGPDUNLQJVFDQEHFODVVLILHG LQWR WKUHHGLIIHUHQWFDWHJRULHV VHH
)LJULJKW
7KHSURILOHGWDSHDQGWKHXQVWUXFWXUHGW\SH,,URDGPDUNLQJVKRZDWORZYHORFLWLHVVLJQLILFDQWO\
ORZHU$ZHLJKWHGVRXQGOHYHOVWRG%$WKDQWKHQRUPDOURDGVXUIDFH$WKLJKYHORFLWLHVWKHUHDUH
QRGLIIHUHQFHVUHJDUGLQJWKH$ZHLJKWHGVRXQGOHYHOVFRPSDUHGWRWKHQRUPDOURDGVXUIDFH
7KH UHJXODU GURSVKDSHG DJJORPHUDWH  KDV WKH VDPH FKDUDFWHULVWLFV IRU WKH $ZHLJKWHG VRXQG OHYHO
GHSHQGLQJRQ WKHYHORFLWLHVRI WKHSDVVHQJHUFDUEXW VWDUWVDW DERXWG%$ UHODWHG WR WKHQRUPDO URDG
VXUIDFH,QFRQWUDVWWRURDGPDUNLQJVDQGWKHVRXQGOHYHOLVG%$KLJKHU
6WRFKDVWLFDO DJJORPHUDWHV ZLWK WUDQVYHUVH  DQG OHQJWKZLVH VWUXFWXUH  VKRZ DW ORZ YHORFLWLHV
DSSUR[LPDWHO\ WKHVDPHVRXQG OHYHODV WKHUHJXODUGURSVKDSHGDJJORPHUDWH EXW WKH LQFUHDVHRI WKH
VRXQGOHYHOGHSHQGLQJRQWKHYHORFLW\LVKLJKHUDQGHQGVXSDWG%$IRUWKHPD[LPDOWHVWYHORFLW\

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)LJ/HIW1RUPDOL]HGVSHFWUDIRUWKHQRUPDOURDGVXUIDFHDQGWKHURDGPDUNLQJVDQG5LJKW1RUPDOL]HGVSHFWUDIRUERWK
VWRFKDVWLFDODJJORPHUDWHV
7KH UHJXODU SRLQWVKDSHG DJJORPHUDWH  VKRZV DW ORZ YHORFLWLHV D VRXQG OHYHO ZKLFK LV DERXW 
G%$KLJKHU WKDQ WKH QRUPDO URDG VXUIDFHEXW WKH LQFUHDVHZLWK WKHYHORFLW\ LV KLJKHU DQG HQGVXS DW
DERXWG%$VHH)LJULJKW
7KHWKLUGRFWDYHEDQGVRIVRXQGOHYHOVRI WKHQRUPDOURDGVXUIDFHDQGWKHWDSHDUHDOPRVWWKHVDPH
7KHLUWKLUGRFWDYHEDQGVVKRZVLJQLILFDQWO\ORZHUOHYHOVDWIUHTXHQFLHVEHORZN+]DQGKLJKHUOHYHOV
DERYHN+]VHH)LJOHIW7KHWKLUGRFWDYHEDQGVRIWKHXQVWUXFWXUHGPDUNLQJKDYHHOHYDWHGOHYHOVDW
IUHTXHQFLHVEHORZN+]7KHXQVWUXFWXUHGPDUNLQJDVZHOODVWKHWDSHDQGWKHQRUPDOURDGVXUIDFHVKRZ
PD[LPDRIWKHVRXQGOHYHODW+]
7KHPD[LPDRIWKHVRXQGOHYHOVRIERWKVWRFKDVWLFDODJJORPHUDWHVDUHVKLIWHGWRZDUGVORZHUIUHTXHQFLHV
DWN+]LQFRQWUDVWWRPDUNLQJVDQGDQGWKHQRUPDOURDGVXUIDFHVHH)LJULJKW
(DFKRIWKHUHJXODUDJJORPHUDWHVDQGVKRZVEHVLGHWKHPDLQPD[LPXPRIWKHVRXQGOHYHODVLGH
OREHVKLIWHGWRZDUGVORZHUIUHTXHQFLHVVHH)LJ(VSHFLDOO\IRUWKHSRLQWVKDSHGDJJORPHUDWHWKHVLGH
OREHLVSURQRXQFHG,QFRQWUDVWWRWKHPDLQPD[LPDWKHVHVLGHOREHVOHDGWRDWRQDOFRPSRQHQWZKLFKLV
DXGLEOH














)LJ1RUPDOL]HGVSHFWUDIRUDJJORPHUDWHVZLWKUHJXODUSDWWHUQV
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&RQFOXVLRQDQGSURVSHFW
5RDGPDUNLQJVZLWKDJJORPHUDWHVWUXFWXUHDUHZLGHVSUHDGXVHGLQ*HUPDQ\DQGVLQFHDZKLOHSHRSOH
EHFRPHDZDUHRIWKHLUQRLVHHPLVVLRQ8SWRQRZWKHUHDUHQRDFRXVWLFDOUHTXLUHPHQWVIRUURDGPDUNLQJV
LQ*HUPDQ\
(VSHFLDOO\WKHKHUHLQYHVWLJDWHGDJJORPHUDWHVZLWKKLJKVRXQGOHYHOVDQGWRQDOFRPSRQHQWVFDQOHDGWR
DQQR\DQFH(YHQLIWKHURDGPDUNLQJLVRQO\RYHUUXQIURPWLPHWRWLPHDQGWKHPHDQVRXQGSUHVVXUHOHYHO
LVQRWLQIOXHQFHGE\WKHVHVKRUWHYHQWVWKLVFRXOGHYRNHDQDQQR\DQFHIRUUHVLGHQWVOLYLQJFORVHWRDURDG
:KHQSODQQLQJ WHQGHUV IRU URDGPDUNLQJVHVSHFLDOO\ LQ VHWWOHG UHJLRQV WKHQRLVHHPLVVLRQVKRXOGEH
WDNHQ LQWR FRQVLGHUDWLRQ 2Q WKH RWKHU KDQG WKLV VKRXOG QRW OHDG WR D JHQHUDO H[FOXVLRQ RI ORXG URDG
PDUNLQJVEHFDXVH WKHUHDUHDSSOLFDWLRQDUHDV WKDWDUHQRWGHSHQGLQJRQQRLVHHPLVVLRQ)RUH[DPSOHDQ
LQWHQGHGUXPEOHFDQEHQHHGHGLQVSHFLDOORFDWLRQVOLNHWXQQHOVEULGJHVRUVWUHHWVZKHUHDURDGGHSDUWXUH
LVWRDYRLG$JJORPHUDWHURDGPDUNLQJVDVZHOODVWDSHVDQGXQVWUXFWXUHGURDGPDUNLQJVVKRXOGWKHUHIRUH
EH FKRVHQ LQ GHSHQGHQFH RQ WKH GHVLJQDWHG DSSOLFDWLRQ DUHD )RU WKH IXWXUH WKLV VXEMHFW UHTXLUHVPRUH
H[WHQVLYHVWXGLHVLQFOXGLQJDOVRSV\FKRDFRXVWLFDODVSHFWVLQRUGHUWRDFKLHYHUHVXOWVWKDWDUHVXLWDEOHIRU
JHQHUDO UHJXODWLRQV(VSHFLDOO\ WKH GHILQLWLRQ RIPLQLPDO GLVWDQFHV IRU ORXG DJJORPHUDWHV WR UHVLGHQWLDO
DUHDVGHSHQGVIXUWKHUPRUHRQURDGDQGWUDIILFUHODWHGFLUFXPVWDQFHV,QDGGLWLRQWKHUHLVDSRWHQWLDOIRU
WKHGHYHORSPHQWRITXLHWDJJORPHUDWHURDGPDUNLQJV
5HIHUHQFHV
$FRXVWLFV±0HDVXUHPHQWRIWKHLQIOXHQFHRIURDGVXUIDFHVRQWUDIILFQRLVH±3DUW6WDWLVWLFDO3DVV%\PHWKRG,62

$OEHU&'|KPHQ0&3;0HVVXQJHQYRQ)DKUEDKQPDUNLHUXQJHQ0OOHU%%0*PE+%HULFKW1U0BG

7LHIHQWKDOHU++DPHUOH&.DPPHULQJHU(*HUlXVFKHPLVVLRQVWUXNWXULHUWHUXQGSURILOLHUWHU)DKUEDKQPDUNLHUXQJHQ
6FKULIWHQUHLKHÄ6WUDHQIRUVFKXQJ³%XQGHVPLQLVWHULXPIU9HUNHKU,QQRYDWLRQXQG7HFKQRORJLH5HSXEOLNgVWHUUHLFK+HIW


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

